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Experimental 

Crystal data 

C15H25FN3O2P 
M, = 329.35 
Monoclinic, P2i/c 
a = 10.9296 (9) A 
b = 12.2221 (10) A 
c = 12.3423 (10) A 
= 91.443 (1)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2005) 
T^i„ = 0.920, r„,„ = 0.937 



Refinement 

R[F^ > 2a{F^)] -- 
wR(F^) = 0.122 

5 = 1.08 

3741 reflections 
236 parameters 

6 restraints 



0.047 



V = 1648.2 (2) A^ 
Z = 4 

Mo Ka radiation 

= 0.19 mm"' 
r = 100 K 

0.45 X 0.40 X 0.35 mm 



11336 measured reflections 
3741 independent reflections 
3056 reflections with / > 2tr(/) 
Ri„, = 0.051 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„, = 0.55 e A"' 

Ap„i„ = -0.42 e A"' 



In the title compound, C15H25FN3O2P, the phosphoryl group is 
in an anti and syn orientation to the C=0 and N— H groups, 
respectively. The P atom is in a distorted tetrahedral 
environment. One of the ethyl groups is disordered over two 
sets of sites with refined occupancies of 0.755 (6) and 0.245 (6). 
In addition, the F atom was refined as disordered with 
occupancies fixed at 0.9 and 0.1. This disorder corresponds to a 
rotation of approximately 180° of the fluorobenzene ring 
about its connecting C— C bond. In the crystal, pairs of 
intermolecular N— H- ■ ■0(=P) hydrogen bonds form centro- 
symmetric dimers. 

Related literature 

For background to phosphoric triamide compounds 
containing a C(=0)NHP(=0) skeleton, see: Pourayoubi et 
al. (2011fl,i>); Tarahhomi et at. (2011). For the synthesis of the 
starting material 2-F-C6H4C(=0)NHP(=0)Cl2, see: Pour- 
ayoubi et al. (2011fl). For hydrogen-bond motifs, see: Bernstein 
et al. (1995). 



Table 1 

Hydrogen-bond geometry (A, °). 




D-U-A 


D- 


-H 


H - vl 


D-A 


D-U-A 




0.8 


5(2) 


1.93 (2) 


i.nu (19) 


167 (2) 


Symmetry code: (i) — .\ 


-1-1, 


~v + l,- 


-z + l. 







NEt2 



Data collection: APEX2 (Bruker, 2005): cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and enCIFer (Allen et al, 2004). 

Support of this investigation by Ferdowsi University of 
Mashhad is gratefully acknowledged. 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: LH5308). 



References 

Allen, F. H., Johnson, O., Shields, G. P., Smith, B. R. & Towler, M. (2004). ./. 

Appl. Cryst. 37, 335-338. 
Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem. 

Int. Ed. Engl 34, 1555-1573. 
Bruker (2005). SADABS, SAINT and APEX2. Bruker AXS Inc., Madison, 

Wisconsin, USA. 

Pourayoubi, M., Tarahhomi. A., Rheingold, A. L. & Golen, J. A. (2011fl). Acta 
Cryst E67, o934. 

Pourayoubi, M., Tarahhomi, A., Saneei, A., Rheingold, A. L. & Golen, J. A. 

(20116). Acta Cryst C67, o265-o272. 
Sheldrick, G. M. (2008). Acta Cryst A64, 112-122. 

Tarahhomi, A., Pourayoubi, M., Rheingold, A. L. & Golen, J. A. (2011). Struct 
Chem. 22, 201-210. 



Acta Cryst. (2011). E67, o2643 



doi:1 0.1 107/S1 60053681 1 036944 



Tarahhomi et a/. 02643 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, o2643 [ doi:10.1107/S1600536811036944 ] 
Ay\yV^-Tetraethyl-A^'-(2-fluorobenzoyl)phosphoric triamide 
A, Tarahhomi, M. Pourayoubi, A. L, Rheingold and J. A. Golen 

Comment 

Following our previous work on phosphoric triamides containing an XC(0)NHP(0) moiety, X= 2-F — C6H4 (Pourayoubi 
et al, 2011a), 4-F — C6H4 (Tarahhomi et ai, 2011) and 2,6-F2 — C6H3 (Pourayoubi et al, 2011^?), herein, we report the 
synthesis and crystal structure of the title compound, P(0)[2-F— C6H4C(0)NH][N(C2H5)2]2 (Fig. 1). 

One of the — CH2CH3 groups in the diethylamido substituent N2 is disordered over two sets of sites with refined occu- 
pancies of 0.755 (6) and 0.245 (6). The fluorine atom of the aromatic ring is disordered over two sets of sites with occu- 
pancies of 0.9 and 0.1. 

In the C(=0)NHP(=0) skeleton of the title phosphoric triamide, the phosphoryl group adopts the anti orientation with 
respect to the carbonyl group; whereas it is in a syn position relative to the N — H unit. The tetrahedral environment at the P 
atom is distorted as has been noted for the other phosphoric triamides. The P=0, C=0 and P — N bond lengths are within 
the expected values (Pourayoubi et al. (201 1&) and Tarahhomi et al. (2011)). 

2 

In the crystal, pairs of intermolecular N — H - O(P) hydrogen bonds form a hydrogen-bonded dimer with R2 (8) graph-set 
notation (Bernstein e? a/., 1995). 

Experimental 

2-F — C6H4C(0)NHP(0)Cl2 was prepared according to the literature method reported by Pourayoubi et al. (2011a). 

The title compound was synthesized from the reaction of 0.40 g (1.56 mmol) 2-F — C6H4C(0)NHP(0)Cl2 with 
0.456 g (6.24 mmol) of diethyl amine in dry chloroform (30 ml). The amine was added dropwise to a solution of 2- 
F — C6H4C(0)NHP(0)Cl2 at 273 K, with continuous stirring. After 17 h, the solvent was evaporated; the obtained solid 
was washed with distilled water and dissolved in a mixture of CH3OH/DMF [4:1 (v/v)]. Single crystals were obtained from 

this solution after a few days at room temperature. IR (KBr, v, cm"'): 3061 (NH), 2970, 2886, 1675 (C=0), 1457, 1196, 
1048, 946, 766. 

Refinement 

Atoms C8 and C9 are disordered over two sets of sites with refined occupancies of 0.755 (6) and 0.245 (6). The fluorine 
atom is disordered over two positions and refined with the occupancy F 1 and F 1 A fixed at 0.9 and 0. 1 and the corresponding 
hydrogen atoms HIA and H5A were also treated as disordered. Hydrogen HIN was found in a Fourier difference map and 
refined with a Nl — HIN distance was set at 0.87 (0.02) A and allowed to refine with Uiso at 1 .2 of parent N atom. All other 
hydrogen atoms were placed in calculated positions with C — H distances for CH2 of 0.99 A, CH3 of 0.98 A and C(Ar)H of 
0.95 A and with C/jso of 1.20 (or 1.5 for methyl H atoms) that of the parent C atom. 
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Figures 




Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are given at 
50% probability level and H atoms are drawn as small spheres of arbitrary radii. Disordered 
atoms are labeled with the suffix 'A'. 



iV,iV,iV',iV'-Tetraethyl-iV"-(2- fluorobenzoyl)phosphoric triamide 



Crystal data 

C15H25FN3O2P 
M,-= 329.35 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 10.9296 (9) A 

12.2221 (10) A 
c= 12.3423 (10) A 
13 = 91.443 (1)° 

V= 1648.2 (2) A^ 
Z = 4 



^■(000) = 704 

Dx= 1-327 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6938 reflections 

6 = 2.5-27.9° 

(1 = 0.19 mm"' 

T= 100 K 

Block, colourless 

0.45 X 0.40 X 0.35 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and CO scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2005) 

r,„i„ = 0.920, r^ax = 0.937 

11336 measured reflections 



3741 independent reflections 

3056 reflections with / > 2o{I) 
i?,„t = 0.051 

Qmax = 28.0°, 6„iin = 1 .9° 

/! = -14-^7 

A; = -16^14 
/ = -15^16 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F^ > 2a(F^)] = 0.047 

wi?(i^) = 0.122 
S= 1.08 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = 1/bVo^) + (0.0487^)^ + 0.7763P] 
where P = {F^^ + 2F^^y3 
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3741 reflections 
236 parameters 
6 restraints 



(A/aW< 0.001 
Apmax = 0.55 e A ■ 
Apmin = -0.42eA 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d. 's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on F^, convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > a(i^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


^iso*/^eq 


Occ. (<1) 


PI 


0.62104(4) 


0.64819(4) 


0.52994 (4) 


0.01901 (14) 




Fl 


0.88953 (13) 


0.41423 (11) 


0.83105 (10) 


0.0338 (3) 


0.90 


FIA 


0.7449 (9) 


0.3460 (7) 


0.4748 (4) 


0.019 (2) 


0.10 


01 


0.83305 (12) 


0.57884(11) 


0.68306(10) 


0.0259 (3) 




02 


0.52742(11) 


0.62160 (11) 


0.44464 (10) 


0.0230 (3) 




Nl 


0.66071 (13) 


0.52777 (13) 


0.58794 (12) 


0.0199 (3) 




HIN 


0.6116(17) 


0.4741 (15) 


0.5750(16) 


0.024* 




N2 


0.57927 (14) 


0.72748 (13) 


0.62914(12) 


0.0260 (4) 




N3 


0.73894 (13) 


0.70810(12) 


0.47587(11) 


0.0201 (3) 




CI 


0.86735 (17) 


0.34892 (16) 


0.74688 (15) 


0.0254 (4) 




HIA 


0.8811 


0.3968 


0.8066 


0.030* 


0.10 


C2 


0.91255 (17) 


0.24343 (17) 


0.75327(17) 


0.0303 (5) 




H2 


0.9557 


0.2194 


0.8167 


0.036* 




C3 


0.89453 (18) 


0.17367 (17) 


0.66716(17) 


0.0300 (4) 




H3 


0.9265 


0.1014 


0.6704 


0.036* 




C4 


0.82999(18) 


0.20843 (16) 


0.57575 (16) 


0.0289 (4) 




H4 


0.8176 


0.1603 


0.5161 


0.035* 




C5 


0.78342 (17) 


0.31405 (16) 


0.57156 (15) 


0.0243 (4) 




H5A 


0.7374 


0.3366 


0.5092 


0.029* 


0.90 


C6 


0.80224 (15) 


0.38782 (15) 


0.65610 (14) 


0.0200 (4) 




C7 


0.76718 (16) 


0.50656 (15) 


0.64574 (13) 


0.0203 (4) 




C8 


0.5579 (3) 


0.8451 (2) 


0.6092 (2) 


0.0279 (7) 


0.755 (6) 


H8A 


0.5829 


0.8629 


0.5347 


0.034* 


0.755 (6) 


H8B 


0.6103 


0.8880 


0.6601 


0.034* 


0.755 (6) 


C9 


0.4260 (3) 


0.8792 (3) 


0.6222 (3) 


0.0463 (10) 


0.755 (6) 


H9A 


0.4164 


0.9562 


0.6016 


0.069* 


0.755 (6) 


H9B 


0.4033 


0.8698 


0.6980 


0.069* 


0.755 (6) 


H9C 


0.3728 


0.8338 


0.5756 


0.069* 


0.755 (6) 


C8A 


0.4916 (9) 


0.8158 (7) 


0.5807 (7) 


0.032 (2) 


0.245 (6) 
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XJO A A 


U.dUod 


A OTOA 




0.5032 




A Al O * 


U.z4j (d) 


XJQ A D 


U.4Uj4 


A 

u. /yzz 




0.5867 




A ATO * 




A 

L-yA 


U.5141 (6) 


A A 1 AiC 

u.yiyo (/) 




0.6449 (7) 


U.UiJ (j) 




xjn A A 


A /I/CIA 


A ATOC 

u.y /63 




0.6147 




A A/IA* 




XJO A D 


A /;AA^ 

U.dUUj 


A O/IAI 

U.y4U3 




0.6409 




A A/10* 


(\ '-)AC (fix 




A Am z 


A AAT2 




0.7208 




A A/IA* 


iJ.z4D (oj 




A CA'^A^Z /I A\ 

U. 54240 (lyj 


U.064Z3 (1 6) 




0.73515 (15) 


A ATAT i A\ 

u.uzy / (4) 




XJl A A 


A C3TA 


A nACCl 

U. /4Dy 




0.7868 




A A'5iC* 




XJl AX> 


U.oU / 1 


A 1 




0.7629 










U.4ZUO (z) 


U.0Z3Z (Z) 




0.7324 (2) 


A A/1 O C i £i\ 

U.U455 (0) 




XJl 1 A 

Hi 1 A 


U.iSoz 


A iCTI 1 
U.O/1 j 




0.7029 




A f\nl * 




XJ 1 1 x> 

rll lr> 


A /lAAT 


A ^Al A 




0.8061 




A ATI * 
U.U 1 i 




XJl 1 

Hi IC 


U.4Z / 1 


A C COT 




0.6865 




A ATI * 

U.U /j' 






A TOAIA /I 

U. /sUJU (1 /) 


U.DD/16 (1 /) 




0.37025 


(15) 


A AT/; A i A \ 

U.UZOU (4) 




XJl 1 A 


A OO 1 1 
U.OZl 1 


U. /z/o 




yj.jj 1 5 




A A'3 1 * 




XJl ox> 


U. /U / / 


A ^ A 




0.3259 




A A1 1 * 

U.U31 




Cii 


0.50/5/ (lyj 


U.5 /Usj (15) 




0.37903 


(18) 


A A'J CO i ^\ 

U.Uj55 (5) 




XJl "3 A 

MliA 




A COAT 




0.4281 




A AC/I * 




XJl IXJ 


A QQQQ 


A 

U.jjjO 




0.3072 




A AC4* 




XJl "I/"^ 


n An 
U.6Z4 / 


A CAT 1 




0.4074 




A AC/1 * 

U.U54^ 




/I 

L.i4 


u.szyjy (1 /) 


I). / /OlO (15) 




0.53521 


(15) 


A AT/1 1 ( A\ 

U.Uz41 (4) 




H14A 


0.9105 


0.7403 




0.5329 




0.029* 




H14B 


0.8062 


0.7812 




0.6121 




0.029* 




C15 


0.8391 (2) 


0.89111 (17) 




0.48869 


(18) 


0.0343 (5) 




H15A 


0.8554 


0.8867 




0.4111 




0.051* 




H15B 


0.9060 


0.9304 




0.5259 




0.051* 




H15C 


0.7620 


0.9303 




0.4991 




0.051* 




Atomic displacement parameters (A^) 
















jjll ^33 








U 


PI 


0.0162 (2) 


0.0221 (3) 0, 


.0187 (2) 


0.00183 (17) 0.00024(16) 


A (\(\ 1 1 


Fl 


0.0485 (8) 


0.0294 (7) 0 


.0229 (6) 


0.0034 (6) 


-0.0118(6) 


A AAl n { c\ 


FIA 


0.025 (5) 


0.014 (5) 0, 


.018(5) 


0.003 (4) 


-0.003 (4) 


A AAl {A\ 

U.UUj (4J 


01 


0.0268 (7) 


0.0235 (7) 0, 


.0271 


(7) 


-0.0039 (6) 


-0.0082 (5) 


A AAAT /C\ 
U.UUU 1 \P) 


02 


0.0172 (6) 


0.0280 (7) 0, 


.0236 


(6) 


-0.0007 (5) 


-0.0028 (5) 


A AA^O 


Nl 


0.0158 (7) 


0.0218(8) 0 


.0220 


(7) 


-0.0009 (6) 


-0.0011 (5) 


A AAA^ (f>\ 
U.UUUj (OJ 


N2 


0.0284 (8) 


0.0253 (8) 0 


.0245 


(8) 


0.0068 (7) 


0.0064 (6) 


A AAAC {C\ 

U.UUUj (Oj 


N3 


0.0192 (7) 


0.0224 (8) 0, 


.0186 


(7) 


-0.0011 (6) 


-0.0006 (5) 


A AAA/^ ( 

— U.UUUO (Oj 


CI 


0.0255 (9) 


0.0283 (10) 0, 


.0221 


(9) 


-0.0044 (8) 


-0.0043 (7) 


A AA 1 0 

U.UUlo \ i) 


C2 


0.0247 (9) 


0.0319(11) 0, 


.0338 


(11) 


0.0001 (8) 


-0.0069 (8) 


A A1 /lA (iW 

U.U14U (y j 


C3 


0.0236(10) 


0.0250(10) 0 


.0414 


(12) 


0.0022 (8) 


0.0037 (8) 


A AATI {Ql\ 

u.uu / 1 (yj 


C4 


0.0309 (10) 


0.0237 (10) 0, 


.0323 


(10) 


-0.0007 (8) 


0.0043 (8) 


A AAA /I /0\ 

-(J.UUU4 (»j 


C5 


0.0254 (9) 


0.0253 (10) 0, 


.0222 


(9) 


0.0001 (8) 


-0.0007 (7) 


0.0025 (7) 


C6 


0.0152 (8) 


0.0223 (9) 0, 


.0223 


(9) 


-0.0007 (7) 


0.0006 (6) 


0.0043 (7) 


C7 


0.0198 (8) 


0.0241 (9) 0, 


.0170 


(8) 


-0.0002 (7) 


0.0011 (6) 


0.0021 (7) 


C8 


0.0256(16) 


0.0286 (15) 0, 


.0294 


(15) 


0.0069 (12) 


-0.0018 (12) 


-0.0034 (ir 


C9 


0.0295 (17) 


0.0396 (19) 0 


.069 (2) 


0.0107 (14) 


-0.0061 (14) 


-0.0157(16; 
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U.U JO ) 


A nil 


A AT/i 
U.UZO ) 


A ATA t'A\ 
U.UZU J 


A A 1 7 //I \ 

U.U i / [H) 


A Al 1 

U.Ui i ^^4J 




U.Ujs p ) 






A Al 1 i'A\ 
O.Olj (4) 


A AA1 fA\ 
— U.UU3 (4j 


A AAT fA\ 

— U.UU / (4j 


CIO 


A A'5'5A /"I 1 \ 

0.0339 (11) 


0.0326 (11) 


A A'TIA /■ 1 A\ 

0.0229 (10) 


A AAOC ^Cl\ 

—0.0025 (9) 


A AAAA /'0\ 

0.0099 (8) 


A AA A O i 0 \ 

—0.0048 (8) 


Cll 


0.0439 (14) 


0.0531 (16) 


0.0498 (14) 


-0.0144 (12) 


0.0241 (11) 


-0.0154 (12) 


C12 


0.0223 (9) 


0.0356 (11) 


0.0203 (9) 


-0.0060 (8) 


0.0034 (7) 


-0.0037 (8) 


C13 


0.0316(11) 


0.0344(12) 


0.0420(12) 


-0.0005 (9) 


0.0155 (9) 


-0.0062 (9) 


C14 


0.0246 (9) 


0.0221 (9) 


0.0255 (9) 


-0.0045 (8) 


-0.0025 (7) 


-0.0002 (7) 


C15 


0.0424 (12) 


0.0231 (10) 


0.0375 (11) 


-0.0042 (9) 


0.0012 (9) 


0.0017 (9) 



Geometric parameters (A, °) 



PI — 02 


1.4855 (13) 


C9 — H9A 


0.9800 


PI — 


1.6354 (16) 


C9 — H9B 


0.9800 


PI — 


1.6387 (15) 


C9 — H9C 


0.9800 


PI — 


1.6885 (16) 


C8A — C9A 


1.513 (11) 


01 — C7 


1.222 (2) 


C8A— H8AA 


0.9900 


Nl — C7 


1.374(2) 


C8A — ^H8AB 


0.9900 


Nl — HIN 


0.860(15) 


C9A — ^H9AA 


0.9800 


N2 — C8 


1.476 (3) 


C9A — H9AB 


0.9800 


N2 — CIO 


1.476 (2) 


C9A — H9AC 


0.9800 


— C8A 


1.553 (7) 


CIO — Cll 


1.526 (3) 


N3— C14 


1.473 (2) 


CIO— HlOA 


0.9900 


N3— C12 


1.478 (2) 


CIO— HlOB 


0.9900 


CI— C2 


1.382 (3) 


Cll— HllA 


0.9800 


CI— C6 


1.396 (2) 


Cll— HUB 


0.9800 


CI— HIA 


0.9500 


Cll— HllC 


0.9800 


C2— C3 


1.373 (3) 


C12— C13 


1.520 (3) 


C2— H2 


0.9500 


C12— H12A 


0.9900 
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Hydrogen-bond geometry (A, °) 

D—R-A 

Nl— HlN-02' 

Symmetry codes: (i) -x+l, -y+l, -z+1. 



D—a 
0.86 (2) 



1.93 (2) 
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